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INTRODUCTION {#sec1-1}
============

Despite promising advances in the fields of neurosurgery and radiotherapy in the era of targeted therapy and immunotherapy, the prognosis of metastatic renal cell carcinoma (mRCC) remains poor. The overall benefits of systemic treatment can significantly be precluded by the presence of brain metastases. Microsurgery is not always feasible due to preexisting regional physioanatomical constraints and/or the extent of intra- and extra-cranial metastatic activity. Due to the radioresistant nature of renal cell tumors, the clinician is often obliged to deliver focal high dose radiation, such as single fraction gamma knife radiosurgery (SF-GKRS). However, SF-GKRS may lead to severe toxicity in lesions \>8--10 cc, especially in the eloquent brain. We present the case of a patient with mRCC and two large, critically located, brain metastases treated in next to emergency setting with a gamma knife based dose-volume adaptive technique coined rapid rescue radiosurgery (RRR). To the best of our knowledge, this is the first reported case of mRCC brain lesions treated with a staged dose-volume adaptive procedure structured on two concurrent prescription doses, at least in Scandinavia.

CASE REPORT {#sec1-2}
===========

A previously healthy 56-year-old man developed gradual left- side hemiparesis, more accentuated in the lower limb (July 2016). A brain computerized tomography (CT)-scan and complementary magnetic resonance imaging (MRI) showed a solitary metastatic lesion (Met 1) in the right central sulcus (11.95 cc) with extensive perilesional edema \[[Figure 1a](#F1){ref-type="fig"} and [Table 1](#T1){ref-type="table"}\]. The investigative tumor screening, including a CT- scan of the thorax and abdomen, revealed a suspect primary tumor in the left kidney as well as multiple, disseminated metastatic lesions in the lungs, liver, peri-aortic abdominal nodes, and left adrenal gland. A thrombotic mass positioned within the boundaries of the left renal vein was also reported. The subsequent biopsy revealed a clear cell renal cancer, Fuhrman Grade 2, as the primary. Due to the underlying extension of metastatic activity, nephrectomy was not indicated. Because of his relatively young age and previous healthy condition, the patient was accepted for upfront RRR- treatment of Met 1, structured on three separate fractions (GKRS 1--3) over a 7-day period \[[Tables 1](#T1){ref-type="table"} and [2](#T2){ref-type="table"}\]. This strategy aimed to sustain the patient's performance status by avoiding further neurological deterioration while providing a window to start first-line targeted therapy (sunitinib). The rationale behind RRR can be found elsewhere in the literature.\[[@ref26]-[@ref28],[@ref31]\]

![Tumor volume dynamics of Met 1 (T1-weighted MRI with gadolinium, axial cross-sections). (a) Magnetic resonance imaging (MRI) at GKRS 1. (b) Last follow up MRI at 20 months.](SNI-11-21-g001){#F1}

###### 

Tumor volume dynamics of Met 1 throughout treatment (GKRS1-GKRS3) and during follow-up: 93% tumor volume reduction between GKRS1 and last follow-up MRI (20 months).
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###### 

Peripheral dose (Gy - % isodose line) and 10Gy-volume prescriptions (%) at each GKRS for Met 1 (RRR nr 1) and Met 2 (RRR nr 2).
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Follow-up MRI at 1, 3, and 6 months confirmed subsequent tumor volume reduction of Met 1 with ensuing significant improvement of the patient's motor function \[[Table 1](#T1){ref-type="table"}\]. Notably, a discrete, nonsymptomatic adverse radiation effect (ARE) around Met 1 was reported at 3 months, however, this subsequently resolved at 6 and 10 months. Despite the positive evolution of Met 1, the corresponding follow-up MRI at 10 months demonstrated a new, large metastatic lesion (17.3 cc) with extensive perilesional edema within the confinements of the left frontotemporal region, threatening the area of Broca and the insular region (Met 2). A parasagittal micrometastasis in the posterior boundaries of the left temporal lobe was also reported (Met 3). Despite further thoracic disease progression on anti-PD1 treatment (nivolumab), the patient's clinical condition remained stable (Karnofsky Performance Scale \[KPS\] 90, recursive partitioning analysis \[RPA\] Class II); it was, therefore, decided to treat Met 2 with RRR and Met 3 with SF-GKRS \[[Tables 2](#T2){ref-type="table"} and [3](#T3){ref-type="table"}\] before switching systemic treatment to axitinib.

###### 

Tumor volume dynamics of Met 2 and Met 3 throughout treatment (GKRS1-GKRS3) and during follow-up. Met 2 treated with RRR and Met 3 with single fraction GKRS (22 Gy at the 65% isodose line): 81% tumor volume reduction of Met 2 between GKRS1 and last follow-up MRI.
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Met 2 decreased in volume by 15% between GKRS 1 and GKRS 3. Follow-up MRI at 14 months after RRR-treatment of Met 1 (=2 months after RRR-treatment of Met 2) showed further tumor volume reduction of Met 2 while Met 1 and Met 3 remained unchanged \[[Tables 1](#T1){ref-type="table"}-[3](#T3){ref-type="table"}\]. However, edema increment around Met 2 was also reported, suggesting an additional focal (yet asymptomatic) ARE. Due to further radiological evidence of extracranial disease progression (CT-scan thorax and abdomen, October 2017), low- tolerance to axitinib and the patient's own choice, further systemic therapy was altogether disrupted 14 months post- RRR of Met 1. Last follow-up MRI (20 months after RRR of Met 1) showed almost complete ablation of all GKRS-treated lesions and a reduction in perifocal edema surrounding Met 2, without major corticosteroid intervention \[[Figures 1a](#F1){ref-type="fig"}-[b](#F1){ref-type="fig"} and [2a](#F2){ref-type="fig"}-[b](#F2){ref-type="fig"}\]. Despite remaining free from motor-sensory deficits, epileptic seizures (Engel score of 1) or cognitive impairment, the patient promptly deteriorated at this stage due to extracranial disease progression (KPS 50, RPA 3). The patient succumbed to his disease 21 months post-RRR-treatment of Met 1.

![Tumor volume dynamics of Met 2 (T1-weighted MRI with gadolinium, axial cross-sections). (a) Magnetic resonance imaging (MRI) at GKRS 1. (b) Last follow-up MRI 8 months post-RRR to Met 2 (20 months post-RRR Met 1).](SNI-11-21-g002){#F2}

DISCUSSION {#sec1-3}
==========

Background {#sec2-3_1}
----------

Brain metastases occur in approximately 3.5--17% of patients with mRCC and are associated with significant morbidity and poor survival (median overall survival \<11 months).\[[@ref21]\] These neoplasms often require acute/ subacute intervention to avoid severe neurological deterioration secondary to tumor enlargement (solid or cystic) and/or metastatic hemorrhage, which may ultimately prevent further systemic treatment and limit survival. Through a retrospective analysis involving 117 patients with mRCC, our group reported the crucial impact of local metastatic therapy (including brain stereotactic radiation) on overall survival.\[[@ref32]\] Similar conclusions can be found in the medical literature.\[[@ref5],[@ref22],[@ref32]\] In the context of large brain metastases, safe microsurgical resection followed by radiation to the surgical cavity by LINAC-based instruments or gamma knife remains the best therapeutic option in many centers;\[[@ref2],[@ref6],[@ref8],[@ref14],[@ref22],[@ref34]\] however, as in our patient, this approach is often precluded by the presence of complex variables such as tumor volume, tumor growth kinetics, patterns of infiltration, degree of regional neurofunction, underlying meta-/synchronous metastatic activity, RPA-surrogate factors/comorbidity, and intrinsic stress responses conditioning tumor radioresistance.\[[@ref5],[@ref8],[@ref16],[@ref21],[@ref38]\] In the realm of brain radiotherapy, focal high dose radiation remains the cornerstone of treatment for unresected radioresistant metastases, such as mRCC brain lesions.\[[@ref13],[@ref21],[@ref22],[@ref24]\] In the latter context, SF-GKRS is a well-established modality able to achieve optimal local control rates.\[[@ref3],[@ref15],[@ref16],[@ref18],[@ref20],[@ref22],[@ref25],[@ref35],[@ref38]\] However, as demonstrated here, in the context of metastases larger than 8--10 cc and/or occurring in a critical location, ARE-development secondary to SF-GKRS remains a concern.\[[@ref1]\] Matters become more complicated with the presence of tumor bed cysts, extensive edema and underlying hemorrhage, as often seen in mRCC.

Staged schedules {#sec2-3_2}
----------------

Aiming to decrease the risk of SF-GKRS associated ARE, different groups have explored alternative schedules with the aim of reducing toxicity whilst optimising local control; in this framework, volume-staged hypofractionation has become a vivid subject of discussion.\[[@ref1],[@ref26]-[@ref30],[@ref36]\] Yamamoto *et al*. conducted a three-stage gamma knife treatment study on 78 patients with lesions \>10 cc; a static peripheral dose of 10 Gy was delivered on the 50% isodose line at each fraction (2 weeks interval) resulting in high rates of local control; the overall median survival time was of 8.3 months (with survival rates of 55.1% and 35.2% at 6 and 12 months, respectively). Of note, the incidence of neurological deterioration and neurological death was reported at 12.8% and 7.7%, respectively.\[[@ref36]\] Another study by Angelov *et al*. involved 54 patients undergoing a two-stage radiosurgical intervention for lesions \>20 mm; the median doses were 15 Gy at both fractions with approximately 1 month interval between fractions.\[[@ref1]\] Median tumor volumes were reported at 10.5 cm^3^ and 7.0 cm^3^ at first and second treatment, respectively. Local control rates at 3 and 6 months were 95% and 88%, respectively, while the overall rate of ARE was 11%. Median tumor volume reduction between the first fraction and the first follow-up imaging (3 months post-treatment) was 54.9%. Roh *et al*. reported similar tumor volume evolution on a case with a large mRCC brain lesion treated with hypofractionated GKRS, suggesting the crucial role of interval imaging in radiosurgery planning and treatment outcome. However, as illustrated by these studies and the present case report, hypofractionated regimens do not fully exclude the risk of ARE-evolvement. In our view, staged techniques require the inclusion of 'tailored' bio-mathematical models controling key aspects of intratumoral 'behaviour' post radiation and perilesional toxicity.

Modulation of two concurrent prescription doses at each fraction: RRR {#sec2-3_3}
---------------------------------------------------------------------

RRR is a 'double blade' staged technique based on the concurrent adaption of two different dose prescriptions: A BED (biological effective dose) plotted peripheral dose conceived to control dose dissipation to the circumscribing healthy tissues while ensuring steep intratumoural dose escalationA 10Gy baseline ablative prescription set to cover 70% to 90% of the tumor bed (previously coined baseline ablative isodose line or BAIL).\[[@ref27]\]

Both prescriptions are surrogate to tumor volume dynamics and change concurrently at each fraction; the Leksell GammaPlan^Ò^ software plays a fundamental role in that respect.

The inclusion of underlying radiobiological parameters and inherent physio-mathematical variables are quintessential for triggering key microenvironmental events involving vascular damage and antitumor immunity. The rationale of the procedure can be found elsewhere.\[[@ref26]-[@ref28],[@ref30]\]

Further aspects {#sec2-3_4}
---------------

In this particular case, the positive clinical and radiographic evolution of Met 1 and Met 2 post-RRR were similar to previous reports from other authors and Sinclair *et al*.\[[@ref24],[@ref26]-[@ref30]\] Unfortunately, a deeper analysis of the kinetic effectiveness of RRR compared to single fraction treatments or other oligo- staged approaches remains complex and will continue to be a source of bias; indeed, although a few groups have studied the specific effects of stereotactic hypofractionated radiotherapy on tumor kinetics in renal histology,\[[@ref33],[@ref37]\] to the best of our knowledge, there are no or few studies comparing the ablative dynamics of brain lesions post single fraction versus post hypofractionation. Nonetheless, based on (i) the volumetric data post treatment of this case \[[Tables 1](#T1){ref-type="table"}-[3](#T3){ref-type="table"}\] (ii) our institutional experience,\[[@ref26]-[@ref30]\] and (iii) the available medical literature,\[[@ref1],[@ref24],[@ref32],[@ref36]\] we suggest that, in the context of this case, the expeditious and lasting ablative effects triggered by this double prescription technique extended survival.\[[@ref24],[@ref26]-[@ref30]\]

Moreover, the fact that our patient developed an ARE at the site of Met 1 and Met 2 despite a hypofractionated approach, suggests that SF-GKRS would have led to greater perilesional edema and possibly substantial radionecrosis resulting in further neurologic damage. Several studies seem to support the latter proposal.\[[@ref9],[@ref10],[@ref17]\]

As illustrated in this report, progressive extracranial disease remains a major problem for many patients with brain metastatic disease. Promising therapeutic breakthroughs in the field of medical uro-oncology are reshaping the management of mRCC; however, the long-term effects of most agents, such as checkpoint, multitargeted tyrosine kinase, and mammalian target of rapamycin inhibitors require much improvement, particularly in the context of concurrent metastatic disease in the central nervous system. The latter might require a better understanding of key concurrent antitumoral mechanisms aiming to optimize the use of radiation such as the modulation of T-cell expansion, the regulation of postradiation blood-brain barrier permeability and the use of "scavenging" agents targeting angiogenesis and endothelial cell proliferation to further "downturn" tumor radioresistance.\[[@ref4],[@ref7],[@ref11],[@ref12],[@ref16],[@ref19],[@ref21],[@ref23],[@ref27],[@ref31],[@ref38]\]

CONCLUSION {#sec1-4}
==========

In this case of mRCC brain disease, RRR proved effective in producing sustained ablation while limiting toxicity. We can cautiously assume that RRR had a positive impact over local tumor control and overall survival based on the following variables: (i) degree of local response of Met 1 and Met 2 to RRR, (ii) Time of survival (21 months) despite limited response / tolerance to systemic treatment (iii) known median overall survival in these cases (\<11 months), and (iv) stable KPS- and neurological status throughout follow-up.

RRR should be considered in the acute/subacute management of mRCC brain metastases, particularly in those requiring a more tailored approach due to local anatomo-functional constraints. Yet, as illustrated here, overall metastatic activity remains a major challenge in many cases; thus, further studies on the synergetic role of radiation and specific antitumoral therapies are of interest and warranted.
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